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ABSTRACT 

We report the first detection of >100 MeV gamma rays associated with a behind-the-limb solar flare, 
which presents a unique opportunity to probe the underlying physics of high-energy flare emission and 
particle acceleration. On 2013 October 11 a GOES Ml.5 class solar flare occurred ~ 9°.9 behind the 
solar limb as observed by STEREO-B. RHESSI observed hard X-ray emission above the limb, most 
likely from the flare loop-top, as the footpoints were occulted. Surprisingly, the Fermi Large Area 
Telescope (LAT) detected >100 MeV gamma-rays for ~30 minutes with energies up to 3 GeV. The 
LAT emission centroid is consistent with the RHESSI hard X-ray source, but its uncertainty does 
not constrain the source to be located there. The gamma-ray spectra can be adequately described 
by bremsstrahlung radiation from relativistic electrons having a relatively hard power-law spectrum 
with a high-energy exponential cutoff, or by the decay of pions produced by accelerated protons and 
ions with an isotropic pitch-angle distribution and a power-law spectrum with a number index of 
~3.8. We show that high optical depths rule out the gamma rays originating from the flare site and a 
high-corona trap model requires very unusual conditions, so a scenario in which some of the particles 
accelerated by the CME shock travel to the visible side of the Sun to produce the observed gamma 
rays may be at work. 

Subject headings: Sun: flares: Sun: X-rays, gamma rays 


1. INTRODUCTION 

During its first six years in or bit, th e Fermi Large Area 
Telescope ('LAT: lAtwood et~aI1l2009D has detected >30 
MeV gamma-ray emission from more th an 40 solar flares, 
nearl y 10 times more than EGRET (jThompson et all 
I1993T) onboard the Comp ton Gamma-Ray Observatory , 
GRS dForrest et al.l fT985h onboard the Solar Maximum 
Miss ion ( SMM ) and CORONAS-F dKuznetsov et all 
1201 11 1. The Fermi detections sample both the im¬ 
pulsive (lAckermann et al1l2012alf and the long-duration 
phases (|Ackermann et aLll2014f ) including the longest ex¬ 
tended emission ever detected (~2 0 hours) from th e 
SOL2012-03-07 GOES X-class flares (I Aiello et al.H2014fl . 

Our understanding of solar flares has also been shaped 
by decades of hard X-ray (HXR) observations, no¬ 
tably by t he detection of con jugate footpoint sources 
by SMM IHovng et al.l ll98lf l. co ronal sources above 
soft X-ray loops by Yohkoh (e.g.. iMasuda et all 11994 
iPetrosian et all 1200211 . and double coronal sources sug¬ 
gesti ve of magnetic reconnection in between by RHESSI 
(e.g.. iSui fc Holmanl 120031 iLiu et al1l2008l I2013H . These 
and many other observations support the standard flare 
model involving magnetic reconnection and associated 
particle acceleration in the corona (for reviews, see, e.g., 
iHolman et alJ 1201111 . There are alternatively proposed 
scenarios, including (re-)accleration of particles in the 
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chrom osphere (e.g.. iFletchcr fc Hudsonl 120081: iHacr cnddl 
I2012H . supported bv ('e.g JMartmez Oliveros et al.ll2012D . 

Of particular interest are those flares whose footpoints 
are occulted by the solar limb, allowing coronal emission 
to be imaged in greater detail than in n orm a l situations 
dominated b y bright footpoints (e.g JKrucker et aLll2007i : 
iKrucker & Linl [2008h . 

In this Letter, we present Fermi and RHESSI observa¬ 
tions of such a flare whose position was confirmed to be 
behind the limb by STEREO-B. While gamma-ray emis¬ 
sion up to tens of MeV resulting from proton interactions 
has been detected before from occulted solar flares (e.g., 

Vestrand & Forrestll 19931 : iBarat et al.lll994l : IVilmer et all 

19991) . the significance of this particular event lies in 
the fact that this is the first detection of >100 MeV 
gamma-ray emission from a footpoint-occulted flare and 
presents a unique opportunity to diagnose the mecha¬ 
nisms of high-energy emission and particle acceleration 
in solar flares. 

2. OBSERVATIONS AND DATA ANALYSIS 
2.1. Observational Overview 

On 2013 October 11 at 07:01 UT a GOES M1.5 class 
flare occurred with soft X-ray emission lasting 44 min 
and peaking at 07:25:00 UT. Figure [T] shows the GOES, 
STEREO- B , RHESSI , F ermi Gamma-ray Burst Moni¬ 
tor fGBM: iMeegan et al.l l2009h and LAT lightcurves of 
this flare. The LAT detected >100 MeV emission for 
~30 min with the maximum of the flux occurring be¬ 
tween 07:20:00-07:25:00 UT. RHESSI coverage was from 
07:08:00-07:16:40 UT, overlapping with Fermi for 9 min. 

Images in Figure [2] fro m the STEREO -B Extreme- 
Ultra Violet Imager (EUVI; IWuelser et al.ll2004lf and the 
SDO Atmospheric Imaging Assembly ('AIA: lLemen et all 
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l2012i) of the photosphere indicate that the active re¬ 
gion (AR) was ~9°.9 behind the limb at the time 
of the flare. LASCO onboard the Solar and He¬ 
liospheric Observatory (SOHO) observed a backside 
asymmetric-halo CME associated with this flare be¬ 
ginning at 07:24:10 UT with a li near speed o f 1200 
km s ' (ISOHO LASCO CME CATALOG! l20ll and a 
bright front over the Northeast. Both STEREO space¬ 
crafts detected energetic electrons, protons, and heav¬ 
ier ions including helium, as well as type-II radio bursts 
indicating the presence of a coronal heliospheric shock. 
STEREO -B had an unblocked view of the entire flare 
and detected a maximum rate of 3.5xl0 6 photons s -1 

o 

in its 195 A channel, corresponding to a GOES M4.9 
class dNitta et al.ll2013T) if it had not been occulted. 



a) GOES, b) STEREO , c) RHESSI, d) GBM, e) LAT, and heights 
of the RHESSI emission centroid (f) with the same color coding as 
in c). Fermi exited the South Atlantic Anomaly (SAA) at 06:57:00 
UT. The vertical dashed line represents flare start time (7:01 UT). 


2.2. Data analysis 

We performed an unbinned likelihood analysis of the 
LAT data with the gtlike program distributed with the 
Fermi ScienceTool^] For R HESSI data, w e appl ied the 
CLEAN imaging algorithm dHurford et all 120021) using 

6 We used version 09-30-01 available from the Fermi Science 
Support Center http://fermi.gsfc.nasa.gov/ssc/ . We selected 
P7REP_SDURCE_V15 photon events from a 12“ circular region cen- 


the detectors 3—9 to reconstruct the X-ray images. We 
used the FITS World Coord inate System software pack¬ 
age (jThomnson fe Weill2010D to co-register the flare loca¬ 
tion between STEREO and SDO images. The STEREO 
light curves are pre-flare background subtracted, full-Sun 
integrated photon rates. 

2.3. Localization of the Emission 

We measure the location of the L AT >1 00 MeV 
gamma-ray emission (as described in lAiello et alli2014f) 
and find a best fit position for the emission centroid at 
heliocentric coordinates of (—850",70") with a 68% error 
radius of 250", as shown in Figure Hb). RHESSI X-ray 
sources integrated over 07:11:04—07:16:44 UT are shown 
as 80%-level, off-limb contours in Figure HKd). 

The temporal evolution of the projected RHESSI 
source heights above the solar limb are shown in Fig¬ 
ure QJf). The higher-energy emission generally comes 
from greater heights, c onsistent with expec t ations for 
a loo p-top source (e.g., iSui fe Holmanl [2005 iLiu et all 
120041) . Moreover, from 5UO/AIA movies we find no sig¬ 
nature of EUV ribbons, even in the late phase during 
the RHESSI night. Together, these observations pro¬ 
vide convincing evidence that the footpoints were indeed 
occulted. 

The LAT measured 4 photons with energies >1 GeV 
and reconstructed direction less than 1° from the center 
of the solar disk. All, including a 3 GeV photon, arrived 
after 7:19:00 UT (outside of the RHESSI coverage). 

2.4. Spectral analysis 

We fit the LAT gamma-ray spectral data with three 
models. The first two, a pure power-law (PL) and 
a power-law with an exponential cut-off (PLEXP) 
are phenomenological functions that may describe 
bremsstrahlung emission from accelerated electrons. The 
third model uses templates based on a detailed study of 
the gamma rays pro duced from pion decay (updated from 
iMurphv et al.([l987l) . 

We rely on the likelihood ratio test (TS: lMattox et ahl 
119961 ) to estimate the significance of the source (TSpl) 
as well as to estimate whether the addition of the expo¬ 
nential cut-off is statistically significant. To this end we 
define ATS=TSplexp-TSpl which is equivalent to the 
corresponding difference of maximum likelihoods com¬ 
puted between the two models. The significance in a 
can be roughly approximated as v / TS. 

For each interval where PLEXP provides a significantly 
better fit than PL (ATS >20) we also fit the data with a 
series of pion-decay models to determine the best proton 
sp ectra l i ndex following the same procedure described 
in lAiello et all (|2014D . The TS values for PLEXP and 
pion-decay fits cannot be directly compared (jWilkslll9~38t ) 
however the PLEXP approximates the shape of the pion- 
decay spectrum (see Figure [3j) thus we expect the pion- 
decay models to provide a similarly acceptable fit. We 
studied the effect of the LAT systematic uncertainties 
(mainly from the effective area, as co nsidered here) via 
the bra cketing technique described in lAckermann et ahl 

(IM2bl) . 

tered on the Sun and within 100° from the local zenith (to reduce 
contamination from the Earths limb). 







































































Gamma-rays from a Behind-the-limb Solar Flare 


3 


STEREQ-B/JEUyi 19^ A Q7:2q : 51 SpO/AJA 1?3 A, 07:^0:57 



0 200 400 600 800 1000 - 1000-800 - 600-400 - 200 0 


500 550 600 650 -950 -900 -850 -800 

Solor X (orcsec) Solor X (orcsec) 

Fig. 2.— STEREO- B (left) and SDO (right) images near the flare 
peak. The white-dashed line in (a) and (c) represents the solar limb 
as seen by SDO. The green line in (b) shows the 68% error circle 
for the LAT source centroid. The cyan contour and plus sign in 

(c) mark the STEREO flare ribbon and its centroid, respectively. 
Their projected view as seen from the AIA perspective is shown in 

(d) , in which the centroid is located at 9°.9 behind the limb. The 
green and blue-dotted contours in (d) show RHESSI sources. The 
rectangular brackets in (a) and (b) mark the field of view (FOV) 
for (c) and (d), respectively. 


The RHESSI and GBM Nali spectral data are inde¬ 
pendently fitted with one or two thermal components 
plus a broken power-law with index fixed to 2 (to avoid 
energy divergence) below the break. Table [T] summarizes 
the spectral analysis results. Data fro m BGO n are ana¬ 
lyzed using the procedure described in lFitzpatrick et all 
d 2012 D with an additional 5% systematic error on the 
background estimation. Figure [3] shows the combined 
spectra from RHESSI , GBM and LAT in four integra¬ 
tion intervals. The discrepancy (up to a factor of 2.5) 
between the RHESSI and GBM flux values is likely due 
to pile-up in the RHESSI detector, and cannot be easily 
corrected. As is evident from Figure [3l more energy is 
radiated in HXRs than gamma rays. 


3. DISCUSSION 

We have analyzed the data of the 2013 October 11 
solar flare from Fermi , RHESSI , SDO and STEREO. 
STEREO-B images indicate that the flare occurred in 
an AR 9°.9 behind the limb. RHESSI and GBM Nali 
detected HXRs up to 50 keV from the flaring loop-top. 
The most unusual aspect of this flare is the LAT de¬ 
tection of photons of energies e >100 MeV for about 30 
minutes with some photons having energies up to 3 GeV. 
Electrons or protons with energies E > e can produce 
these photons after traversing a column depth of mat¬ 
ter N(E) > 10 25 and 10 26 cm -2 , respectively, which is 
much larger than the depth ~ 10 20 cm ” 2 penetrated by 
HXR-producing electrons. For occulted flares the emit¬ 
ted photons must traverse even larger depths where they 
may be scattered and absorbed. We consider three sce¬ 
narios for the emission site of the gamma rays; (i) deep 
below the photosphere of the flare site (ii) in the corona 
above the limb, suggestive of trapping of particles, e.g., 
by strongly converging magnetic fields and (iii) CME- 
shock accelerated particles traveling back to the Sun. 

3.1. Emission below the photosphere 

For the first scenario we need continuous acceleration 
of particles because they penetrate deep into the solar 
atmosphere and lose energy in a fraction of a second. 
Most of the radiation they produce also comes from deep 
within the photosphere so we need to calculate the opti¬ 
cal depth, r(e) = a x 7V 7 (e) from the emission site to the 
Earth. For >100 MeV photons the main absorption is 
via pair production with a cross section erpp ~ 0.035 x oo, 
where cr® is the Thomson scattering cross section relevant 
for <100 keV HXRfl The column depth along the line 
of sight to the observer, JV 7 (e), depends on both the posi¬ 
tion of the flare and the column depth N(E) penetrated 
by the emitting particles of energy E = rje. This depth 
is determined by the energy loss rates. 

High-energy electrons spiraling down a magnetic field 
line with a pitch angle cosine p lose and radiate most of 
their energy deep in the photosphere. For E < 250 MeV 
(Lorentz factor 7 < 500), the dominant energy losses are 
due to Coulomb-ionization, whereas for E > 250 MeV, 
the radiative losses are dominated by bremsstrahlung 
(over synchrotron and inverse Compton). The total loss 
rate can be approximated as 

dE/dr = (l/p,)m e c 2 (n/N 0 )[l + ( 7 / 70 )*] (1) 

with No = ( 47 rrg In A )” 1 = 5 x 10 22 cm ” 2 (for Coulomb 
logarithm In A = 20) and n the total density. For extreme 
relativistic electrons S ~ 1.1 and 70 is the Lorentz factor 
where the two losses are equal. From these, and ignoring 
the small deviation of 6 from unity, the column depth 
penetrated by an electron of initial Lorentz factor 7 is 
then 

POO 

N(E)= / n(r)dr = p,N 0 jo ln(l + 7 / 70 ). (2) 

Jr 

For non-relativistic electrons and protons the Coulomb 

7 For intermediate energies we are in the Klein-Nishina 
regi me and the cross sec tion varies smoothly between cro and 
<Tpp (|Petrosian et al .1119941 1. 
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Fig. 3. — Spectral energy distributions for RHESSI (blue), GBM Nali (red), BGOo (green) and LAT (black) for four time intervals. 
Best fit models are shown in cyan (RHESSI), yellow (GBM) and red (LAT). 


collision dominates and for both particles we have 

N(E) = iJ,N 0 (m/m e )(E/me 2 ) 2 /'y. (3) 

The energy dependence of the proton loss rate is similar 
to that of electrons. The Coulomb losses dominate at low 
energies but for proton energies E > 0.3 GeV pion pro¬ 
duction becomes significant and at E > 4.5 GeV (7 > 4) 
it becomes the dominant loss mechanism, and like elec¬ 
tron bremsstrahlung, it gives dE/ds oc 7 In 7 . Making 
the same approximation as above we get the same equa¬ 
tions, © and ©, but now with Nq = 6 x 10 25 cm 2 and 
70 = 4.0 (for In A = 30). 

An electron of energy E radiates photons of energy 
e = E/r) < E with 77 ~ 2. Similarly, assuming that 
protons of energy E produce a 7r° with similar energy 
that decays into two photons of equal energies we can 
again set rj ~ 2 (the exact value of r) will not change 
our conclusions drastically). For relativistic electrons the 
radiated photons will be beam ed along the pitch angle 
of the electrons. As shown by iMcTiernan fc Petrosianl 
(119901) there will be strong center-to-limb variation of 
gamma-ray flux, but for flares at a few degrees behind 
the limb this effect can be ignored. 

For a flare at the center of the solar disk (helio¬ 
longitude (f> — 0 , or angle to the limb 9 = n/2 — (f> = 
7 t/ 2 ), the optical depth is r(e) = N(E = r/e)a and in¬ 
creases toward the limb at a rate that depends on the 
ambient density profile; ./V 7 (e,0) = f Q n(r)dl , where 


r = y/R 2 + 2 Rl sin 6 + l 2 , and R is the distance from the 
center of the Sun at the depth of emission N{E). The 
photons of interest here are produced below the photo¬ 
sphere at column depths N > 10 25 cm ~ 2 and densities 
n > 10 17 cm -3 , where both quantities increase exponen¬ 
tially with a scale height H <C Rq. Consequently, most 
of the contribution comes from within a scale height at a 
radius R ~ Rq corresponding to the column depth N(rje ) 
described above. If we define A = R/H and dX = dl/R 
we get 


IV 7 (e, 0) = N(E = rje)Ae A 


g — Av / l+2Asine+A 2 ( ^^ 


Jo 


(4) 


For occulted flares 9 < 0. Since A 1 most of the 
contribution to this integral comes from very small A 
so we can use the approximation v 7 1 + 2A sin 9 + A 2 ~ 
(1 + Asin0 + A 2 cos 2 (0)/2). This gives 


V 7 (e,± 6 ») = N(rje)y/nA /(2 cos 2 9) e c [1 =F erf(y / ^)], (5) 

where £ = Atan 2 (0)/2. Thus, we get iV 7 (e, 7 t/ 2 ) = N(rje) 
and V 7 (e, 0) = N(rje)y/TrA/2 for flares at the center 
and limb of the Sun. However, we are interested in 
behind-the-limb flares with |0| <C 1 so that £ = 9 2 A /2 = 
O.1(0°) 2 (1O 3 km/H). For angles \9\ > 3° the error func¬ 
tions erf( v / J) —> 1 and iV 7 (e, — 9) = 2N(r/e)y/nA/2e^. 
We can use these expressions to calculate the optical 
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TABLE 1 

Spectral analysis of LAT, GBM and RHESSI data 


LAT time intervals 

Time Interval 

TS pl 

ATS“ 

Photon index 

Cutoff energy^ 

Proton index 

Flux c 

(2013/10/11 UT) 




(MeV) 


(10~ 5 ph cm -2 s _1 ) 


07:10:00-07:15:00 

16 

5 

1.80±0.35Too2 d 

- 

- 

0.60±0.26+oo4 

07:15:00-07:20:00 

987 

22 

0.21±0.34j:Jfi! 

145±27tg 

3.7±0.2±0.1 

24.1±1.5 

07:20:00-07:25:00 

1146 

92 

0.23±0.27±q ]] 

162±26±£ 

3.5±0.2±0.1 

28.2±1.7l]-g 

07:25:00-07:30:00 

435 

45 

-0.42±0.58±q 

95±21+^ 

4.3±0.4±0.1 

13.7±1.33±of 

07:30:00-07:35:00 

55 

4 

2.36±0.24jlg'g2 d 

- 

- 

4-l±l.ltS1 

07:08:00- 07:35:00 

2885 

233 

0.2±0.2+";j“ 

1A7±15+ L 3 

3.7±0.2+o) 

14.2±0.5t l j l '2 

07:16:40- 07:35:00 

2855 

204 

0 4+0 2"*" 0,134 
u.^=cu.z_ 0 128 

155±16±2 

3.8±0.2t°;j 

22.1±0.8±];| 

RHESSI and GBM time intervals 



Broken 

power law 

1 st thermal component 

2 na thermal component 




B break 

Index 

Plasma temperature 

Plasma temperature 

Flux e 



(keV) 


(keV) 

(keV) 

(ph cm -2 s -1 ) 

07:08:00-07:10:58* 


17.9T0.5 

3.76T0.04 

2.23T0.06 


52±1 

07:08:00-07:10:58 


17.9=1=0.9 

3.88=1=0.03 

1.9=1=0.1 

- 

55±1 

07:11:10-07:16:40* 


16±2 

4.24=1=0.07 

1.92±0.02 

0.62L0.03 

253±5 

07:11:10-07:16:40 


21±5 

3.52=1=0.05 

2.9T0.4 

1.54±0.16 

630±10 

07:16:40-07:35:00 


20 (fixed) 

2.56T0.06 

2.71T0.07 

1.27T0.04 

399±8 

07:08:00-07:35:00 


20±8 

3.22=1=0.05 

2.8T0.2 

1.34±0.08 

388±8 


a ATS=TSplexp-TSpl 
k From the fit with PLEXP model. 

c Integrated flux between 100 MeV and 10 GeV calculated for the best fit model. 

^ Photon index from the fit with PL. 

e Integrated flux between 10 and 100 keV calculated for the best fit model. 

* RHESSI spectral fit results. At 07:10:59 UT RHESSI changed its attenuator. 

Intervals a) and b) of Figure [3l excluded due to lack of statistics. Statistical errors are shown first and systematic errors follow. 


depth. Let us consider HXRs emitted by nonrelativistic 
electrons. For a 50 keV photon emitted by a r = 0.5 
and E = 100 keV electron (and using the Thomson cross 
section) we find r(50keV, 6 = tt/2) < 10~ 3 at the center 
of the disk, r(5OkeV,0 = 0) ~ 0.02 at the limb, and a 
rapid increase as e 018 for a behind-the-limb flare. At 
6 = —10° and H = 1000 km, the optical depth is > 10 3 . 

For gamma rays the optical depth is considerably 
larger because they are emitted deeper in the photo¬ 
sphere. For a flare near the center of the solar disk the 
optical depth for a 100 MeV photon, emitted either by a 
~ 200 MeV electron or > 350 MeV proton, is about 0.2 
and 0.1, respectively. But for a flare at the limb these 
values increase by yJirA/2 = 33 x (10 3 km/H) 1 / 2 . For 
reasonable average pitch angles fl > 0.1 and even if we 
include the effects of non-radial field lines this could give 

T > 1. 

Once the flare source region moves behind the limb, 

the optical depth increases exponentially as oc e s A / 2 
making the detection of any flare for \6\ > 2° impossi¬ 
ble. This is also true for the 1 to 10 MeV BGO photons 
even though the protons producing them do not pene¬ 
trate as deeply. Considering that the flare occurred at 
~10° behind the limb, we conclude that this scenario is 
untenable. 

3.2. Emission in the corona 

The key feature of this behind-the-limb flare is the 
detection of >100 MeV emission for ~30 minutes. To 
explain this observation, we also consider the scenario 
where the photons are produced in the corona by 
high-energy particles injected promptly into a magnetic 


trap (e.g.. lAschwandcn ct al.l IT997h at > 10 9 cm ( min¬ 
imum height needed for a source ~ 10 ° behind the limb 
to be visible above the limb) above the transition region. 
For particles to be trapped efficiently we need sufficiently 
strong field convergence to trap most particles and a low 
level of turbulence so that the scattering time would be 
much longer than the energy loss time. Otherwise most 
of the particles will be scattered into the loss cone and 
radiate deep in the solar atmosphere as in scenario 13.11 
Let us first consider protons with an energy loss rate 
given by Eq. (JT]) with <5 = 1 , No = 6 x 10 25 cm -2 and 
7 o = 4.0. This gives an energy loss time for a 1 GeV 
proton of To ~ 2 x 10 15 s- cm _3 /n so for the observed 
duration of < 2000 s we need a density n > 10 12 cm ' 3 
which is what one encounters below the occulted transi¬ 
tion region and not at > 10 9 cm above it. The energy 
loss rate for electrons in the coronal region is dominated 
by Coulomb collisions at low energies and synchrotron 
losses for magnetic fields B > 10 G or inverse Comp¬ 
ton losses at lower fields. This rate is again described 
by Eq. Jl]) but with S = 2, No = 5 x 10 22 cm -2 and 
7 o = 21.5 x ( n/ 10 1 0 cm -3 ) 1 / 2 x (B /100 G) _1 . As shown 
in iPetrosianl (1200111 . this gives rise to flat spectra at low 
energies and a sharp cutoff at 7 ~ 70 with these electrons 
carrying most of the energy with the longest lifetime of 
r 0 ~ 7 o-/Vo/( 2 nc). For the production of > 100 MeV 
photons we need electrons with 70 ~ 300 so that for 
a lifetime of 30 minutes we need n ~ 10 11 cm -3 and 
B ~ 25 G. While these values for the density (magnetic 
field) are somewhat higher (lower) than the ones found at 
10 9 cm above the transition region, they cannot be fully 
ruled out. Also, a photon index T ~ 0 requires injected 
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electrons with spectral index -1 (for a thin target case), 
which is much harder than those encountered at lower 
energies. Thus, this model requires strong convergence, 
low turbulence and hard spectra. In view of the LAT 
detection of SOL2014-09-01 flare with 6 ~ 36° (paper in 
preparation) that requires a trap at a height >10 10 cm, 
this model becomes less plausible. 


3.3. Acceleration in CME Shocks 

A third possibility is that particles accelerated by a 
shock associated with this flare originating behind the 
limb find their way to the photosphere visible to Fermi 
where they produce gamma-rays. This requires a mag¬ 
netic connection between the acceleration site and the 
visible photosphere, e.g., large overlying loops. Such 
a connection must have been absent during the impul¬ 
sive phase and for HXR-producing electrons which are 
most likely accelerated in smaller loops with both foot- 
points occulted. Otherwise we would expect a detection 
of HXRs from the footpoints on the visible side. Fur¬ 
thermore, the LAT emission error circle allows for the 
gamma-ray emission to occur on the visible side of the 
disk. This also means that the extended-phase gamma- 
ray producing particles were not accelerated in small 
loops and, like longer lasting SEPs, most likely were ac¬ 
celerated in the shock of the CME. Since the magnetic 
lines draping the CME are most likely connected to the 
occulted AR, this requires cross-field diffusion that al¬ 
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